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Abstract

Purpose of review: therapeutic Drug Monitoring (TDM) is potentially a useful tool that can be employed to increase the efficacy and decrease the toxicity of
antifungal drugs. The aim of this narrative review is to provide an overview of the current use of TDM in clinical practice in both proactive and reactive clinical settings
in preventing and managing treatment failure.

Sources of information: the studies were identified by searching PubMed for English and Spanish language reviews and guidelines published in the last five years
using the following keywords alone or in combination: fungal infection, antifungals, therapeutic drug monitoring, itraconazole, voriconazole, posaconazole, triazoles,
pharmacokinetics, pharmacodynamics, critically ill, treatment, and guidelines. EMA summary of product characteristics of triazoles and older but relevant clinical
trials were also reviewed.

Methods: only the first author (JAS) critically reviewed all of the articles retrieved, and selected those judged to be the most relevant. We begin with a general
background on fungal infections in immunocompromised patients and the existing background on the use of antifungals TDM. Next, we analyse the fundamentals
and the role of PK/PD determination in antifungal therapy management, and discuss the possible role of TDM in optimizing antifungal therapies with triazoles in
the critically ill patient. Recommendations of the guidelines were tabulated.

Key findings: in clinical practice, TDM has an increasingly important role in the management of antifungal drugs as a consequence of the improvement in the
knowledge of the pharmacokinetics and pharmacodynamics of these drugs. The currently available evidence shows a direct exposure-response relationship for triazoles,
though the PK/PD profile is unpredictable. Current guidelines and treatment consensus statements recommend the proactive TDM of voriconazole, posaconazole,

and itraconazole to optimize dosage regimens and improve outcomes for adult and pediatric patients.

Introduction

Serious fungal infections remain a major challenge in hospitals.
Invasive fungal disease is one of the leading causes of morbidity
and mortality in immunodeficient patients such as critical patients,
newborns, solid organ recipients, cancer patients, and AIDS patients [1-
5]. In recent years, there have been changes in the evolution, prognosis,
diagnosis, and treatment of fungal diseases [6]. Fungal infections are
difficult to diagnose in many patients, as they are rarely detected in
blood cultures or aseptic regions. Because the population of critically
ill and immunocompromised patients is increasing, the incidence of
fungal infections shows a parallel increasing trend [6].

Many studies have shown that the use of antibiotics—especially broad-
spectrum antibiotics—is a major risk factor for the development of systemic
fungal infections [7]. In recent years, the incidence of Candida infections
has increased dramatically, accounting for 80% of fungal infections [8]. C.
albicans is the most prevalent species, but there is an increase in infections
caused by other Candida species resistant to different antifungals. The
frequency of fungal infections by Aspergillus or other fungi—which account
for 20% of all fungal infections—has also increased [9]. Opportunistic fungi
similar to yeasts and microorganisms such as Zygomycetes, Fusarium spp.,
and Scedosporium spp., appear increasingly in the aforementioned groups
of patients. The mortality of systemic fungal infections is high, at 25% to
60%, and depends on the factors such as the characteristics of the patients
and type of fungus [7]. These infections greatly prolong hospital stay with
an added iatrogenic risk, including the development of resistance or the
selection of yeast species resistant to azole antifungals.

Biomed Res Clin Prac, 2021 doi: 10.15761/BRCP.1000223

It should be noted that in recent years, risk factors for the
development of these complications have been identified, which allows
the prophylactic use of antifungals in patients at risk [10].

As few new antifungal drugs are in development, it is necessary
to explore novel ways of handling the available drugs to increase their
effectiveness and safety. To this end, knowledge of the pharmacokinetic (PK)
and pharmacodynamic (PD) behavior of the currently available antifungal
drugs is fundamentally important [11]. Therapeutic drug monitoring
(TDM) could be a useful tool for increasing the effectiveness and decreasing
the toxicity of antifungals [11-13]. However, not all hospitals can perform
TDM of drugs that require a relatively rapid response and those that rely
on analytical techniques that are not commonly available in conventional
clinical laboratories (high-performance liquid chromatography (HPLC)-
ultraviolet (UV) and liquid chromatography-mass spectrometry (LC-MS)).

This review article summarizes the state of the art regarding
the use of TDM of antifungals in hospital settings, in addition to its
limitations and how it is currently being used in clinical practice. This
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review focuses specifically on the triazole drug class and we believe that
this approach is a needed novelty to improve antifungal stewardship
programs.

Background of TDM

TDM involves the measurement of the serum concentrations of
a drug; it is performed to help maintain an adequate dose that would
ensure drug efficacy and avoid drug toxicity [14]. Currently, clinical
pharmacokinetics occupies a prominent place in pharmacological
therapy. The factors that have contributed most to the clinical
incorporation of TDM include the elucidation of its theoretical and
practical aspects, the wide availability of analytical methods for selected
drugs and easy access to computer tools [15]. Medications used in
special physiological circumstances such as pregnancy, lactation, old
age, and liver or kidney disease require a differentiated therapeutic
approach because of the pharmacokinetic and pharmacodynamic
changes that occur in these situations [15].

TDM has been reserved for the management of drugs with a
narrow therapeutic margin such as digoxin, aminoglycoside antibiotics,
vancomycin, anticonvulsants, and immunosuppressants. However,
interest in the TDM of other drugs such as beta-lactam antibiotics
when used in critically ill patients has recently become widespread
[16]. Pharmacokinetic/pharmacodynamic (PK/PD) modeling applied
to these anti-infectives is also of interest for antifungals, although
it has been explored less frequently. PK/PD modeling links dose-
concentration relationships (PK) and concentration-effect relationships
(PD), thereby facilitating the description and prediction of the time
course of drug effects resulting from a certain dosing regimen [17].

The role of PK/PD determination in antifungal therapy
management

In the management of antifungal therapy, we must select the PK/PD
measure (index) most closely linked to efficacy [18]. For anti-infectives,
three PK/PD indices are used to describe the relationship among PK,
minimum inhibitory concentration (MIC), and drug effect: peak drug
concentrations in relation to the MIC (Cmax/MIC), the area under the
drug concentration curve in relation to MIC (AUC/MIC), and the time
(expressed as a percentage of the dosing interval) at which that drug
concentrations exceed the MIC (% T>MIC).

The identification and validation of the PK/PD index that can be
applied to all antifungal drug classes are crucial for predictive analysis in
clinical practice. For a given PK/PD index, the Monte Carlo simulation
method is the most robust method for optimizing the dosing regimen
design and identifying the MIC ceiling (highest MIC) for which the PD
target can be achieved [18]. These simulations lead to the establishment
of the preferred PK/PD index for each antifungal drug class (Table 1).

The most studied drugs with reference to establishing a PK/PD index
pertain to the azole class (fluconazole, voriconazole, itraconazole, and
posaconazole). However, data are scarce for the most recently developed
antifungal class, the echinocandins (caspofungin, micafungin, and
anidulafungin). Furthermore, the optimal target for a given PK/PD index
can vary among different groups of patients, as in the case of beta-lactam
antibiotics. Thus, population-based PK/PD index targets are required [19].

PK and the PK/PD index for triazoles

Triazole antifungals inhibit the synthesis of ergosterol and other
sterols, which are key components of the fungal membrane. Triazoles
block the fungal cytochrome P450 (CYP450)-dependent enzyme
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14-lanosterol demethylase, which is required for the conversion of
lanosterol into ergosterol. This causes an accumulation of 14-methyl
sterols and likely affects the function of membrane-bound enzyme
systems, further altering the proximity of the acyl chains of
phospholipids and resulting in decreased fungal growth. Compared
to fluconazole, voriconazole is a more powerful inhibitor of fungal
CYP450 [20]. These drugs also inhibit the subsequent steps of the
ergosterol synthetic pathway. The ergosterol synthetic pathway and
the cytochrome P450 system are also functional in the host cells. This
is why these drugs present liver toxicity, which is sometimes severe.
However, the new derivatives of these drugs have a better safety profile
due to increased selectivity for fungal enzymes.

The nonlinear pharmacokinetics of azoles result in an increase
in plasma concentrations of the drug as treatment progresses. This
includes an increase in the elimination half-life as a consequence of
the inhibition of the activity of the enzymes that metabolize the drug.
Therefore, the beneficial and adverse effects that depend directly on
the concentrations of the drugs may be more evident over time [20].
The PK properties of these antifungal drugs vary depending on the
patient’s clinical situation, and this may lead to unpredictable plasma
drug concentrations, especially in critically ill patients and those taking
other potential interacting drugs [21,22].

For triazoles, the absence of concentration-dependent action
together with a prolonged post-antifungal effect (PAFE) suggests that
the PD/PD index most closely associated with efficacy is AUC/MIC.
Initial studies of five triazoles have consistently used a free-drug AUC/
MIC of 25-50 as the PD target for a treatment outcome (defined as a
50% maximal effect) against Candida species [18]. A PD target measure
in Aspergillus animal models shows that similar to that for Candida,
there is a very strong relationship between treatment efficacy and the
PD index AUC/MIC. The numerical value of the PK/PD index expresses
the amount of drug required for the intended effect.

Voriconazole

Voriconazole has nonlinear pharmacokinetics, possibly because of
its saturable metabolism and systemic clearance [23]. The drug has an
oral bioavailability of 95%; the peak serum concentration is reached
after 1-2 h if taken with a high-fat meal, and does not decrease with
the co-administration of cimetidine, omeprazole, or other inhibitors of
gastric secretion (pH changes do not affect its absorption) [23]. The
steady-state volume of distribution of voriconazole is estimated to be
4.6 L/kg, and the cerebrospinal fluid concentrations reach 50% of serum
concentrations. Plasma protein binding is estimated to be 58% [24,25].

Given the MIC distribution of voriconazole against Aspergillus spp.
(MIC90 of 1 pg/mL), trough concentrations of the drug ranging from
1 to 2 pg/mL have been suggested as optimal outcomes for invasive
aspergillosis [26]. However, the 72-h PD target could be higher than 50
using the Clinical Laboratory Standards Institute (CLSI) and European
Committee on Antimicrobial Susceptibility Testing (EUCAST)
susceptibility breakpoints for voriconazole and Candida albicans. For
MICs of 0.06 to 0.125mg/L, trough levels of 1 to 4mg/L would be
required to attain the PK/PD target [27].

Table 1. PK/PD index by antifungal drug class (modified from Lepak et al. [18]). MIC:
minimal inhibitory concentration; AUC: area under the curve time-concentration

. Prolonged post- PK/PD index
Concentration . L.
Drug class dependent action antifungal effect predictive of
P (PAFE) efficacy
Polyene Yes Yes C . /MIC
Azoles No Yes AUC/MIC
Echinocandins Yes Yes AUC/MIC
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Voriconazole undergoes hepatic metabolism through the CYP450
enzyme system, and the metabolic products are inactive. While several
isoforms of CYP450 are involved in the metabolism of voriconazole,
CYP2C19 plays a predominant role [28]. Therefore, changes in
CYP2C19 activity or expression have the potential to affect voriconazole
plasma levels.

The CYP2C19 gene is highly polymorphic, and more than 30 known
variant alleles exist [29]. However, the majority of individuals carry the *1,
*2,%3, or 17 alleles. CYP2C19*1 is associated with CYP2C19 enzyme that
functions normally, while CYP2C19*2 (rs4244285; 19154G>A) and *3
(rs4986893; 17948G>A) are the most common alleles associated with a loss
of enzymatic function. CYP2C19*17 is associated with increased enzyme
activity, and is incident with frequencies of over 20% in Europe [30].

Based on the presence of these alleles, individuals can be divided
into CYP2C19 ultrarapid metabolizers (UMs), normal metabolizers
(NMs), intermediate metabolizers (IMs), and poor metabolizers (PMs).
NM individuals are homozygous for the CYP2C19*1 allele, and have
a normally functioning enzyme. IMs carry one *1 allele and a loss-of-
function allele, resulting in enzymes with reduced function. PMs carry
two loss-of-function alleles, resulting in deficient CYP2C19 enzyme
activity. UMs carry the *17 allele without a loss-of-function allele (*1/*17
or *17/*17), resulting in increased CYP2C19 enzyme activity. The plasma
levels of voriconazole decrease with increasing enzyme activity.

Posaconazole

Posaconazole has variable bioavailability depending on its
formulation. The first available posaconazole formulation was an oral
suspension and was known to cause abortions; its absorption was
recognized to be saturable [31]. The suspension had a bioavailability
of only 50% in healthy volunteers, which decreased further by 2.6
points in patients [32]. The administration of a high-fat meal and
the concomitant use of drugs such as proton pump inhibitors (PPIs),
antacids, H2-receptor functional antagonists, or metoclopramide could
reduce the systemic exposure further. As a result of the concerns related
to the suspension, a new delayed-released oral tablet formulation was
marketed. None of the factors described above were reported to have a
clinical impact on the absorption of the delayed-released tablets. Thus,
more stable systemic concentrations of posaconazole can be obtained
with this formulation [33]; the peak serum concentration is reached
after 4-5 h [34,35].

Plasma protein binding of the drug is estimated to be 98%, and the
drug binds mainly to serum albumin [34]. The volume of distribution
is estimated to be 5-25 L/kg [Li], and the drug is reported to accumulate
preferentially in the lungs, kidney, liver, and heart [31]. Posaconazole
is excreted without transformation primarily in the feces, though a
small percentage is also eliminated through the renal route. A small
percentage of posaconazole is metabolized by CYP450, and 17% of the
drug is glucuronidated by UGT1A4. The half-life of posaconazole is
approximately 34 h [35].

The AUC/MIC target for posaconazole should be 25-100 for
Candida [36] and 167-178 for Aspergillus infections [37]. Although
the PK/PD index is a measure that links drug exposure and the
desired outcome, the trough concentration (Cmin) exhibits a good
correlation with this index, and is easier to apply in clinical practice.
For prophylaxis, a Cmin higher than 0.7 mg/L has been described
to be necessary; a cut-off of 0.5 mg/L can be used to define failure in
prophylaxis. For treatment, a Cmin of 1.25 mg/L was first described as
necessary, but this recommendation was decreased to 1 mg/L according
to the ESCMID-ECMM-ERS guidelines [26]. The sampling schedule
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must take into account that since posaconazole has a long half-life, the
steady-state serum concentration is not reached before the sixth day of
treatment (300 mg once daily after a loading dose is administered twice
daily on the first day). To date, no concentration-dependent adverse
effects have been reported, although the upper limit of the therapeutic
range is 3.75 mg/L [38].

Optimizing antifungal therapies with triazoles

The individualization of dosing strategies—also called dosing
optimization—seeks to maximize treatment efficacy while reducing
adverse reactions. It is applied for treatments which are associated with
evidence-based improvements in clinical results in general or special
populations.

In the treatment of severe bacterial and fungal infections, the
application of optimal anti-infective dosing strategies relies on
pharmacodynamic analysis. Failure to consider the optimal dose and
dosage schedule may jeopardize treatment success, even with early
initiation and correct drug choice. Inadequate dosing of antifungals in
patients with invasive candidiasis can increase the length of hospital
stay and mortality [39].

Because voriconazole is extensively metabolized by the CYP450
system and has a high affinity for the CYP2C19 enzyme, co-administered
drugs that share the same metabolic pathway can interfere with the
elimination of voriconazole. Blanco-Dorado et al. [40], conducted a
study to evaluate the use of voriconazole in daily clinical practice and
investigated the potential pharmacokinetic interactions of the drug
with concomitant medications. These investigators registered the
coadministration of voriconazole and omeprazole in 67.7% of cases.
Omeprazole and other PPIs may increase the plasma concentrations of
voriconazole because they inhibit voriconazole metabolism via CYP450
2C19 and 3A4. They found that the simultaneous administration of
voriconazole with a drug acting as a CYP450 inhibitor was associated
with a higher risk of voriconazole-related toxicity. Unlike voriconazole,
posaconazole is only metabolized to a small extent by CYP450.
Nevertheless, 20% of the administered posaconazole is metabolized
by UGT enzymes, and thus may be impacted by interactions with
drugs that induce UGT enzymes such as phenytoin and rifampin. In
addition, posaconazole is a substrate of P-glycoprotein, and its plasma
concentrations can be increased by inhibitors of this protein such as
verapamil, cyclosporin, and macrolide antibiotics [32].

Cojutti et al. [41], described the effect of co-administration of PPIs
and/or steroids with delayed-release posaconazole tablets in patients
with hematological malignancies, and reported that the Cmin values
of posaconazole were 45% and 44% lower, respectively, compared to
those without co-administration. Finally, immunosuppression can
lead to a decrease in posoconazole bioavailability when the drug is co-
administered with metoclopramide, or when diarrhea or mucositis is
present.

The potential for changes in the PK properties of antifungals is clear
in patients with important physiological changes that drive PK/PD
alterations, such as obese patients and critically ill patients in intensive
care units.

Alobaid et al. [42], showed that the standard doses of fluconazole
were insufficient to achieve an AUC-time curve for the free unbound
drug fraction/MIC ratio of 100 for pathogens with MICs of >2 mg/L
in critically ill obese patients (BMI >30 kg/m?). However, a high-
dose voriconazole regimen produced initial supratherapeutic troughs
in obese patients, and dose adjustments based on the body weight
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appears to be a sensible dosing strategy for these patients [43]. Special
considerations have to be taken into account with obese patients
because of an increased risk of lower posaconazole exposure (34). A
recent study described the necessity of increasing the dose to 400 mg/
day when the body weight is 120 kg or more and 500 mg/day when it is
170 kg or more [32].

Voriconazole and posaconazole are lipophilic compounds;
therefore, no alterations in Vd are expected in critically ill patients.
However, increased blood flow can lead to an increase in hepatic
metabolism, while myocardial depression can lead to a decrease in
hepatic metabolism. Furthermore, liver failure caused by hepatocellular
injury will not only result in lower hepatic metabolism and clearance,
but will also lead to decreased protein binding linked to a decrease in
the production of albumin [22]. The posaconazole clearance and Vd
values in critically ill patients could potentially be two-fold higher
than those reported in healthy volunteers (16.8 L/h vs. 6.9 L/h and 529
L vs. 236 L, respectively). The hypoalbuminemia often seen in these
patients could account for the increase in the unbound posaconazole
fraction, which can then be distributed into tissues and eliminated
by clearing organs [32]. However, no studies have documented the
influence of hypoalbuminemia on the PK of posaconazole. The AUC
and Cmax of the drug in critically ill patients were also lower than
those in healthy volunteers [32]. In these patients, the intravenous
route of administration is often mandatory, but neither voriconazole
nor posaconazole is recommended when FG<50 mL/min because
of the presence of beta-cyclodextrin in the formulation [44]. In such
situations, isavuconazole can be administered, because its intravenous
formulation is free of the aforementioned solubilizer and no dose
adjustment is necessary in patients with renal impairment, including
patients with end-stage renal disease [45].

Voriconazole dosage optimization is complex, due to the several
factors previously discussed. Additionally, fixed-dose regimens of
posaconazole have been shown to result in suboptimal exposure
[34]. Therefore, proactive TDM may be a valuable tool for optimizing
antifungal therapy with these triazole drugs.

TDM in clinical practice

Although TDM of systemic antifungal treatments is not universally
recommended, there are recommendations for the routine use of TDM in
patients receiving voriconazole, itraconazole, and posaconazole [46]. In
clinical practice, drug exposure is monitored by measuring blood trough
concentrations (Cmin), which serve as surrogate markers of the AUC.

For voriconazole, recent data suggest a Cmin target for TDM
between 1 and 6 mg/L when the drug is used to treat an established
invasive infection [46]. Lee et al. [47] recently conducted a systematic
review that examined the current knowledge on the impact of TDM
on the treatment efficacy and/or toxicity of voriconazole. They only
found two randomized clinical trials (RCTs), and both these RCTs
studied the relationship between TDM and voriconazole efficacy. In
the first study [48], 110 patients were randomized to receive a fixed,
standard dosage of voriconazole (non-TDM group) or to receive an
adjusted dosage according to the serum trough level measured on the
fourth day after treatment initiation (TDM group). The findings of this
trial were as follows: (1) the proportion of patients with voriconazole
discontinuation due to adverse events was significantly lower in the
TDM group than in the non-TDM group (4% vs. 17%) and (2) there
was a significantly higher proportion of complete or partial responses
in the TDM group (81%) than in the non-TDM group (57%). In the
second and prematurely discontinued RCT, only 29 patients were
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randomized to the TDM or control arms, and a higher success rate was
observed in the TDM arm (85.7% vs. 46.7% control; P = 0.05) [49].
Observational studies have reported significant associations between
voriconazole Cmin levels and voriconazole-related AEs; AEs were
predominantly related to hepatotoxicity and neurotoxicity [43]. A
meta-analysis by Luong et al. [50], found that therapeutic voriconazole
serum concentrations (1.0-2.2 mg/L) were associated with better
outcomes, and that patients with supratherapeutic voriconazole serum
concentrations (4.0-6.0 mg/L) experienced increased toxicity.

The TDM process of posaconazole is not as extensive as that of
voriconazole, probably because it is less frequently used in clinical
practice; the TDM process for posaconazole is also controversial.
Vaes et al. [51], conducted a prospective study to measure the plasma
concentrations of posaconazole in patients prophylactically treated with
an oral suspension of the drug, to evaluate the impact of comedications,
mucositis, and emesis on drug concentrations. Their study confirmed
the high variability of plasma posaconazole concentrations (PPCs) and
the significant influence of these factors on posaconazole bioavailability.
However, they concluded that the utility of TDM remains to be
clarified. In contrast, others have advocated the routine use of TDM
when an oral suspension of posaconazole is used [23,31]. Regarding the
use of intravenous formulations and tablet formulations with improved
bioavailability, Bellmann et al. [23], stated that although exposure is
probably less variable with these formulations, TDM would be of value
in specific populations such as the critically ill patient population.

Table 2 summarizes the current recommendations in clinical practice
guidelines and position papers. TDM of voriconazole is strongly recom-
mended across all the documents reviewed, and the recommendation is
supported by moderate-quality evidence. No significant differences were
detected in the sampling schedule or therapeutic range.

Practical aspects- best way to apply TDM

Currently, antimicrobial stewardship (AMS) is recognized as
a major tool to improve outcomes in infectious diseases, and the
principles of AMS guidelines also apply to the stewarding of antifungal
agents [57]. In this review of the core elements of the TDM approach,
it is recommended that the management and interpretation of TDM of
antifungals are essential activities of antifungal stewardship (AFS). These
activities are usually carried out by a clinical pharmacist specializing in
infectious diseases. The TDM-guided dosage determination of triazoles
is challenging in drugs with nonlinear PK such as voriconazole.
Therefore, pharmacists should have access to PK-related software to
manage pharmacokinetically complex antifungal agents. Pmetrics—
which can be obtained at www.lapk.org is a free software—and is
extremely flexible. It also has the capacity to employ nonparametric PK/
PD models [58].

Once triazole therapy is initiated, the results of the TDM are to
be reported in a timely manner to the AFS team and clinicians, so
that personalized dose adaptation can be applied. Ideally, in centers
routinely managing patients with invasive fungal disease, in-house
TDM should be available. McCready et al. [59], showed that in-house
TDM capabilities reduce the time to drug concentration results and
time to achieve therapeutic drug concentrations, when compared with
the use of an outside reference laboratory. In the above-mentioned
study subtherapeutic drug concentrations were associated with
increased mortality.

Sampling times in relation to the real drug dose are of paramount
importance. If accurate time information for blood samples is missing
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Table 2. Summary of the current recommendations in clinical practice guidelines and position papers. TDM: therapeutic drug monitoring; PK: pharmacokinetics; MIC: minimum inhibitory

concentration; HPLC: high-performance liquid chromatography

Guideline/Position paper Recommendation for TDM Sampling schedule

Antimicrobial therapeutic drug mon-
itoring in critically ill adult patients:
a Position Paper

European Society of Intensive Care
Medicine (ESICM), European So-
ciety of Clinical Microbiology and
Infectious Diseases (ESCMID),
International Association of Thera-
peutic Drug Monitoring and Clinical
Toxicology (IATDMCT), and Inter-
national Society of Antimicrobial
Chemotherapy (ISAC) [52]

Treatment of invasive fungal diseas-
es in cancer patients—

Revised 2019 Recommendations
of the Infectious Diseases Working
Party (AGIHO) of the German So-
ciety of Hematology and Oncology
(DGHO) [53]

Voriconazole: one sample just be-
Voriconazole: yes, Cmin monitoring fore the next dosing. Sampling with-
Posaconazole: neither recommended in 2-5 days post-initiation of therapy.
nor discouraged; Cmin monitoring  Posaconazole: one sample just be-
Itraconazole: neither recommend fore the next dosing. Sampling after
nor discourage. Cmin monitoring 7 days of initiation of therapy.
Isavuconazole: neither recommend- Itraconazole: one sample just before
ed nor discouraged the next dosing. Sampling within 2-5

days post-initiation of therapy.

Voriconazole: recommended (BIIr) |Voriconazole: sampling within 2-5
Posaconazole: recommend with days post-initiation of therapy and
oral suspension and tablets; BlIr for continued weekly.

treatment. Posaconazole: one sample just be-
Isavuconazole: not generally neces- fore the next dosing; Sampling after
sary (CIII) 7 days of initiation of therapy.

Clinical Practice Guideline for the Voriconazole: recommended
Management of Candidiasis: 2016 Posaconazole: not enough data
Update by the Infectious Diseases Itraconazole: neither recommended
Society of America [54] nor discouraged

Voriconazole: yes, strong in children

(AID) Voriconazole: sampling within 2-5
Posaconazole: yes, for oral sus- days post initiation of therapy, and
pension; All for treatment, CII for continued weekly

prophylaxis Posaconazole: one sample just be-
Itraconazole: yes, for the treatment fore the next dosing. Sampling after
and prophylaxis of invasive asper- 5 days of initiation of therapy
gillosis (AII)

Isavuconazole: no

Diagnosis and management of
Aspergillus diseases: execu-
tive summary of the 2017 ESC-
MID-ECMM-ERS guideline [26]

First sample (trough sample) for
TDM must be obtained once the
steady state has been reached (3-7
days depending on the antifungal)
(AD

Repeated at least once per week after
dose stability is achieved (CIII)

Clinical practice guideline for the
management of invasive diseases
caused by Aspergillus: 2018 Update
by the GEMICOMED-SEIMC/REI-
PI1[53]

TDM of antifungal agents is general-
ly recommended (AII)

TDM for isavuconazole is not cur-
rently recommended (BIII)

Strong recommendation; moder-
ate-quality evidence for itracona-
Practice Guidelines for the Diagno- zole, voriconazole, and posacona-
sis and Management of Aspergillo- zole suspension;
sis: 2016 Update by the Infectious More data are needed for extende:
Diseases Society of America [54]  release
or intravenous formulations of posa-
conazole or for isavuconazole

Serum trough drug levels for azole
antifungal agents and for potentially
interacting drugs to optimize thera-
d peutic efficacy and to avoid potential
toxicities of both groups of agents
(strong recommendation;
ate-quality evidence).

moder-

Therapeutic range

Voriconazole: Cmin: 2-6 mg/L
(prophylaxis or treatment)
Posaconazole: Cmin>0.5-0.7 mg/L
(prophylaxis); Cmin>1 mg/L (treat-
ment)

Itraconazole: Cmin > 0.5-1 mg/L

Voriconazole: Cmin:
(treatment)
Posaconazole: Cmin = 700-1830 ng/
mL (prophylaxis); Cmin= 800-2100
ng/mL (prophylaxis and therapy);
Cmin>1 mg/L (therapy)

25 mg/L

Voriconazole: Cmin = 1-5.5 mg/L
Itraconazole: Treatment success has
been associated with concentrations
>1 mg/L and toxicity with concen-
trations >5 mg/L

Voriconazole: Cmin = 1-5.5 mg/L;
If reduced azole susceptibility (MIC
2 mg/mL), then Cmin>2 mg/L (AlI,
safety and efficacy)

Posaconazole: Cmin>1 mg/L
Itraconazole: Cmin = 0.5-4 mg/L
(measured by HPLC) is recommend-
ed for prophylaxis (AIl (efficacy),
BII (safety))

Cmin = 1-4 mg/L is recommended
during the treatment of IA (AII (ef-
ficacy), BII (safety))

Voriconazole: between 1 mg/L and
6 mg/L (AIl) Posaconazole: trough
levels >0.7 mg/L for prophylaxis and
>1.0-1.25 mg/L for treatment (AII)
A new target needs to be defined
for new posaconazole formulations
(BIII)

Itraconazole: trough concentration
of 0.5-1 mg/L (measured by HPLC)
is recommended (AII)

When to apply TDM

Voriconazole: displays nonlinear
PK in adults and exhibits extensive
inter-individual PK variability in all
patient populations

Voriconazole: all patients
Posaconazole: drug interactions,
fasting condition, increased gastric
pH, extreme patient weights, diar-
rhea.

Where non-compliance, non-linear
pharmacokinetics, inadequate ab-
sorption, a narrow therapeutic win-
dow, suspected drug interaction, or
unexpected toxicity are encountered
(AD

or incorrectly registered, or dosage information is misleading, then it
is possible that inappropriate dosing guidelines may be issued [60].
This will eventually result in undesirable treatment outcomes such as
lack of efficacy or increased toxicity. Sampling time errors are possibly
responsible for the majority of errors in interpreting PK data. The
selection of sampling times must allow for the determination of the
maximum amount of PK and clinical information [61].

Limitations of TDM

In clinical practice, RCTs are considered as the gold standard for
providing evidence for causal relationships and to support changes.
The majority of data available regarding TDM have been based mainly
on prospective and retrospective observational studies, or post-HOC
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analyses. In addition to the timing and frequency of TDM, other issues
around TDM include difficulties in interpreting the results due to delays
in obtaining the results, and obstacles to the timely implementation of
required dosage changes [61].

In some circumstances, the utility of TDM for antifungals can be
limited by other factors. For example, TDM is highly recommended for the
individualization of dosage in transplant patients on immunosuppressants.
Although TDM mightbea new option for the administration of midostaurin
and posaconazole, the lack of prospective studies that specifically assess
the interactions of antifungal prophylaxis and midostaurin jeopardizes
this approach. Furthermore, in this case, the PK approach requires the
determination of the plasma concentrations of midostarurin metabolites,
but the corresponding TDM method is not yet available [62].
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TDM application relies on the use of sophisticated laboratory
techniques, requires the involvement of highly specialized staff, and is
time consuming. This implies the need for financial resources, which
can further limit the usefulness of TDM. New antifungal agents such as
isavuconazole with enhanced PK or safety profiles and more predictable
PK properties will reduce the need for the routine use of TDM in the
management of fungal infections [63].

Conclusion

In clinical practice, TDM has an increasing role in the management
of antifungal drugs such as voriconazole, as a consequence of the
improvement in the knowledge of the PK and PD of these drugs. There
is evidence that shows a direct exposure-response relationship for this
and other triazoles depending on the fungal infection; an unpredictable
PK/PD profile and a narrow therapeutic index have been reported. The
current guidelines and treatment consensus statements recommend
proactive TDM of voriconazole, posaconazole, and itraconazole
to optimize dosage regimens and improve outcomes for adult and
pediatric patients, especially those with emerging resistant pathogens.
However, preliminary data do not support the routine use of TDM for
novel agents such as isavuconazole. Limitations in obtaining results in a
timely manner and constraints in economic resources could jeopardize
its utility.
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